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producing the novel phenol oxidizing enzymes. Disclosed herein is the amino acid and nucleic acid sequence for Stachybotrys 
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W for producing the phenol oxidizing enzyme as well as methods for constructing expression hosts 



WO 01/21809 



PCT7US00/24751 



NOVEL PHENOL OXIDIZING ENZYMES 

Field of the Invention 

The present invention relates to novel phenol oxidizing enzymes, in particular, novel 
phenol oxidizing enzymes derived from strains of Stachybotrys and novel strains of the 
genus Stachybotrys producing these enzymes. The present invention provides methods 
and host cells for expressing Stachybotrys phenol oxidizing enzymes as well as methods for 
producing expression systems. 

Background of the Invention 

Phenol oxidizing enzymes function by catalyzing redox reactions, i.e., the transfer of 
electrons from an electron donor (usually a phenolic compound) to molecular oxygen (which 
acts as an electron acceptor) which is reduced to H2O. While being capable of using a wide 
variety of different phenolic compounds as electron donors, phenol oxidizing enzymes are 
very specific for molecular oxygen as the electron acceptor. 

Phenol oxidizing enzymes can be utilized for a wide variety of applications, including 
the detergent industry, the paper and pulp industry, the textile industry and the food 
industry. In the detergent industry, phenol oxidizing enzymes have been used for 
preventing the transfer of dyes in solution from one textile to another during detergent 
washing, an application commonly referred to as dye transfer inhibition. 

Most phenol oxidizing enzymes exhibit pH optima in the acidic pH range while being 
inactive in neutral or alkaline pHs. 

Phenol oxidizing enzymes are known to be produced by a wide variety of fungi, 
including species of the genii Aspergillus, Neurospora, Podospora, Botytis, Pleurotus, 
Fomes, Phlebia, Trametes, Polyporus, Rhizoctonia and Lentinus. However, there remains a 
need to identify and isolate phenol oxidizing enzymes, and organisms capable of naturally- 
producing phenol oxidizing enzymes, which present pH optima in the alkaline range for use 
in detergent washing methods and compositions. 

Summary of the Invention 

The present invention relates to novel phenol oxidizing enzymes. In a preferred 
embodiment, the present invention relates to phenol oxidizing enzymes obtainable from 
Stachybotrys. In particular, the enzymes of the present invention are capable of modifying the 
color associated with dyes and colored compounds having different chemical structures, 
especially at neutral or alkaline pH. Based on their color modifying ability, phenol oxidizing 
enzymes of the present invention can be used, for example, for pulp and paper bleaching, for 
bleaching the color of stains on fabric and in detergent and textile applications. In one aspect 
of the present invention, the phenol oxidizing enzyme is able to modify the color of a dye or 
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colored compound in the absence of an enhancer. In another aspect of the present invention, 
the phenol oxidizing enzyme is able to modify the color in the presence of an enhancer. 

The present invention is based upon the identification and characterization of a 
genomic sequence (SEQ ID NO:3) encoding a phenol oxidizing enzyme obtainable from 
Stachybotrys and having the deduced amino acid sequence as shown in SEQ ID NO:2. 

Accordingly, the present invention provides phenol oxidizing enzymes comprising 

between at least 68% and100% identity, that is, at least 68% identity, at least 70%, at least 
75% identity, at least 80% identity, at least 85% identity, at least 90% identity and at least 95% 
identity to the phenol oxidizing enzyme having the amino acid sequence disclosed in SEQ ID 
NO:2, as long as the enzyme is capable of modifying the color associated with dyes or colored 
compounds. In one embodiment, the phenol oxidizing enzyme has the amino acid sequence 
as shown in SEQ ID NO:2 or as contained in Stachybotrys chartarum having MUCL accession 
number 38898. 

In one embodiment, the phenol oxidizing enzyme is obtainable from a Stachybotrys 
species including Stachybotrys parvispora, Stachybotrys chartarum; S. kampalensis; S. 
theobromae; S. bisbyi, S. cylindrospora, S. dichroa, S. oenanthes and S. nilagerica. In 
another embodiment, the Stachybotrys includes Stachybotrys chartarum MUCL 38898 and S. 
chartarum MUCL 30782. 

In yet another embodiment, the present invention provides an isolated polynucleotide 
encoding a phenol oxidizing enzyme wherein said polynucleotide comprises a nucleic acid 
sequence having between at least 65% and 100% identity, that is, at least 65% identity, at 
least 70%, at least 75% identity, at least 80%, at least 85%, at least 90% and at least 95% 
identity to SEQ ID NO:1, as long as the polynucleotide encodes a phenol oxidizing enzyme 
capable of modifying the color associated with dyes or colored compounds. The present 
invention encompasses polynucleotide sequences that hybridize under conditions of high 
stringency to the polynucleotide shown in SEQ ID NO:1 or SEQ ID NO:3 as long as the 
sequence is capable of modifying the color associated with dyes or colored compounds. The 
present invention also encompasses polynucleotides that encode the amino acid sequence as 
shown in SEQ ID NO:2. In one embodiment, the polynucleotide has the nucleic acid 
sequence as shown in SEQ ID NO:1 or SEQ ID NO:3 or as contained in Stachybotrys 
chartarum having MUCL accession number 38898. The present invention also provides 
expression vectors and host cells comprising polynucleotides of the present invention. 
The present invention additionally relates to methods for producing a phenol oxidizing enzyme 
of the present invention. Accordingly, the present invention provides a method for producing a 
phenol oxidizing enzyme comprising the step of culturing a host cell comprising an isolated 
polynucleotide encoding a phenol oxidizing enzyme having a sequence comprising between 
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at least 68% and 100% identity, that is, at least 68% identity, at least 70%, at least 75% 
identity, at least 80% identity, at least 85% identity, at least 90% identity and at least 95% 
identity to the phenol oxidizing enzyme having the amino acid sequence disclosed in SEQ ID 
NO:2 under conditions suitable for the production of said phenol oxidizing enzyme; and 
optionally recovering said phenol oxidizing enzyme produced. In one embodiment, the 
polynucleotide comprises the sequence as shown in SEQ ID NO:1 . In another embodiment, 
the polynucleotide comprises the sequence as shown in SEQ ID NO: 3. In an additional 
embodiment, the polynucleotide hybridizes under conditions of high stringency with the 
polynucleotide having the sequence as shown in SEQ ID NO:1 or SEQ ID NO:3 or as 
contained in Stachybotrys chartarum having MUCL accession number 38898. In a further 
embodiment, the polynucleotide has between 65% and 100%, that is, at least 65% identity, at 
least 70%, at least 75% identity, at least 80% identity, at least 85% identity, at least 90% 
identity and at least 95% identity to SEQ ID NO: 1 or SEQ ID NO:3. 
The present invention also provides a method for producing a recombinant host cell 
comprising a polynucleotide encoding a phenol oxidizing enzyme, comprising the steps of 
obtaining an isolated polynucleotide encoding said phenol oxidizing enzyme said 
polynucleotide having between at least 65% and 100% identity, that is, at least 65% identity, 
at least 70%, at least 75% identity, at least 80%, at least 85%, at least 90% and at least 95% 
identity to SEQ ID NO:3; introducing said polynucleotide into said host cell; and growing said 
host cell under conditions suitable for the production of said phenol oxidizing enzyme. In one 
embodiment, the polynucleotide is integrated into the host genome and in another 
embodiment, the polynucleotide is present on a replicating plasmid. The present invention 
also encompasses polynucleotide sequences that hybridize under conditions of high 
stringency to the polynucleotide shown in SEQ ID NO:1 or SEQ ID NO:3. The present 
invention also provides polynucleotides that encode the amino acid sequence as shown in 
SEQ ID NO:2. In one embodiment, the polynucleotide has the nucleic acid sequence as 
shown in SEQ ID NO:1 or SEQ ID NO:3 or as contained in Stachybotrys chartarum having 
MUCL accession number 38898. 

In one embodiment of the present invention, the host cell comprising a polynucleotide 
encoding a phenol oxidizing enzyme includes filamentous fungus, yeast and bacteria. In 
another embodiment, the host cell is a filamentous fungus including Aspergillus species, 
Trichoderma species and Mucor species. In an additional embodiment, the filamentous 
fungus host cell includes Aspergillus niger var. awamori and Trichoderma reseeL 

In another embodiment of the present invention, the host cell is a yeast which includes 
Saccharomyces, Pichia, Hansenula, Schizosaccharomyces, Kluyveromyces and Yarrowia 
species. In yet another embodiment, the Saccharomyces species is Saccharomyces 
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cerevisiae. In an additional embodiment, the host cell is a bacteria including gram positive 
bacteria, such as a Bacillus species, and gram negative bacteria, such as an Escherichia 
species. 

Also provided herein are enzymatic compositions comprising the amino acid having 
between at least 68% and 100% identity, that is, at least 68% identity, at least 70%, at least 
75% identity, at least 80% identity, at least 85% identity, at least 90% identity and at least 95% 
identity to the phenol oxidizing enzyme having the amino acid sequence disclosed in SEQ ID 
NO:2. In one embodiment, the amino acid has the sequence as shown in SEQ ID NO: 2. 
Such enzymatic compositions can be used, for example, for producing detergents and other 
cleaning compositions; compositions for use in pulp and paper applications; and textile 
applications. 

The present invention also encompasses methods for modifying the color associated 
with dyes or colored compounds which occur in stains on samples, comprising the steps of 
contacting the sample with a composition comprising an amino acid having a sequence 
between at least 68% and 100% identity, that is, at least 68% identity, at least 70%, at least 
75% identity, at least 80% identity, at least 85% identity, at least 90% identity and at least 95% 
identity to the phenol oxidizing enzyme having the amino acid sequence disclosed in SEQ ID 
NO:2, as long as the enzyme is capable of modifying the color associated with dyes or colored 
compounds. In a preferred embodiment of the method, the amino acid is that shown in SEQ 
IDNO:2. 

In one aspect of the method, the pH optimum is between 5.0 and 1 1 .0, in another 
aspect, the pH optimum is between 7 and 10.5 and in yet another aspect the pH optimum is 
between 8.0 and 10. In a further aspect of the method, the optimum temperature is between 
20 and 60 degrees C. and in another aspect between 20 and 40 degrees C. 

Brief Description of the Drawings 

Figure 1 provides the nucleic acid sequence (SEQ ID NO:1) for a phenol oxidizing 
enzyme obtainable from Stachybotrys chartarum by PCR as described in Example 5. 

Figure 2 provides the amino acid sequence (SEQ ID NO:2) for the amino acid 
designated herein as the Stachybotrys oxidase B gene. 

Figure 3 illustrates the genomic sequence (SEQ ID NO:3) for a phenol oxidizing 
enzyme obtainable from Stachybotrys chartarum. This nucleic acid sequence is referred to 
herein as Stachybotrys oxidase B gene. 

Figure 4 is an amino acid alignment of Stachybotrys phenol oxidase B enzyme SEQ ID 
NO:2 (bottom line) and Bilirubin oxidase (SEQ ID NO:4). 

Figure 5 provides an illustration of the vector pGAPT2-spoB which was used for the 
expression of Stachybotrys phenol oxidizing enzyme in Aspergillus. Base 1 to 1 134 contains 
Aspergillus niger glucoamylase gene promoter. Base 3098 to 3356 and 4950 to 4971 
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contains Aspergillus niger glucoamylase terminator. Aspergillus nidulans pyrG gene was 
inserted from 3357 to 4949 as a marker for fungal transformation. The rest of the plasmid 
contains pBR322 sequences for propagation in E. coli. Nucleic acid encoding the 
Stachybotrys phenol oxidizing enzyme of SEQ ID NO:1 was cloned into the Bgl II and Age I 
restriction sites. 

Figure 6 is an illustration of expression of the Stachybotrys oxidase B protein in a 
replicating plasmid. The Stachybotrys oxidase expression is under the Aspergillus 
glucoamylase promoter and terminator control. The transformation marker pyrG gene and the 
AMA 1 sequence are from Aspergillus nidulans. 

Figure 7 shows the pH profile for Stachybotrys oxidase B against the substrate 2,6 

DMP. 

Figure 8 shows a non-denatured (native) gel electrophoresis of Stachybotrys 
chartarum fractions from an ion exchange column (silver stained) as described in Example 1 . 

Figure 9 shows a non-denatured gel electrophoresis of fractions with ABTS overlay as 
described in Example 1 . 

Figure 10 shows an SDS-PAGE gel of bands identified and isolated from an ABTS 
overlay of the gel shown in Figure 9. Stachybotrys chartarum oxidase B is shown in the lane 
labeled Overlay 2. Lane Overlay 2 shows the observed banding pattern for Stachybotrys 
chartarum oxidase B under the conditions described. 

Detailed Description 
Definitions 

As used herein, the term phenol oxidizing enzyme refers to those enzymes which are 
capable of catalyzing redox reactions wherein the electron donor is a phenolic compound and 
which are specific for molecular oxygen or hydrogen peroxide as the electron acceptor. One 
illustrative phenol oxidizing enzyme of the present invention obtainable from Stachybotrys 
chartarum is shown in SEQ ID NO:2. The present invention encompasses phenol oxidizing 
enzymes that have between at least 68% and 100% identity, that is, at least 68% identity, at 
least 70%, at least 75% identity, at least 80% identity, at least 85% identity, at least 90% 
identity and at least 95% identity to the phenol oxidizing enzyme having the amino acid 
sequence disclosed in SEQ ID NO:2. As used herein, identity is measured by the GAP 
program of GCG software (University Research Park, Madison Wisconsin) with the following 
parameters: Gap Weight = 12; Length Weight = 4; Gap Creation Penalty = 8; and Gap 
Extension Penalty = 2. 

As used herein, Stachybotrys refers to any Stachybotrys species which produces a 
phenol oxidizing enzyme capable of modifying the color associated with dyes or colored 
compounds. The present invention encompasses derivatives of natural isolates of 
Stachybotrys, including progeny and mutants, as long as the derivative is able to produce a 
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phenol oxidizing enzyme capable of modifying the color associated with dye or color 
compounds. 

As used herein in referring to phenol oxidizing enzymes, the term "obtainable from" 
means phenol oxidizing enzymes that originate from or are naturally-produced by the 
particular microbial strain mentioned. To exemplify, phenol oxidizing enzymes obtainable from 
Stachybotrys refer to those phenol oxidizing enzymes which are naturally-produced by 
Stachybotrys. The present invention encompasses phenol oxidizing enzymes identical to 
those produced by Stachybotrys species but which are produced through the use of genetic 
engineering techniques by organisms, such as bacteria, fungus or yeast, transformed with a 
gene encoding said phenol oxidizing enzyme or produced by organisms which are identical to 
those from Stachybotrys, or equivalent to those from Stachybotrys, such as progeny or 
mutants. 

The present invention encompasses phenol oxidizing enzymes encoded by a 
polynucleotide capable of hybridizing to the polynucleotide having the sequence as shown in 
SEQ ID NO:1 or SEQ ID NO:3 under conditions of high stringency. The present invention 
encompasses polynucleotides encoding phenol oxidizing enzymes which comprises at least 
65% identity, at least 70%, at least 75% identity, at least 80% identity, at least 85% identity, at 
least 90% identity or at least 95% identity to the polynucleotide having the sequence as 
disclosed in SEQ ID NO:1 . Identity at the nucleic acid level is measured by the GAP program 
of the GCG Software (University Research Park, Madison, Wisconsin) with the following 
parameters: Gap Weight = 50; Length Weight = 4; Gap Creation Penalty = 50; and Gap 
Extension Penalty = 3. The present invention also encompasses mutants, variants and 
derivatives, including portions, of the phenol oxidizing enzymes of the present invention as 
long as the mutant, variant or derivative phenol oxidizing enzyme is able to retain at least one 
characteristic activity of the naturally occurring phenol oxidizing enzyme. 

As used herein, the term 'colored compound 1 refers to a substance that adds color to 
textiles or to substances which result in the visual appearance of stains. As defined in 
Dictionary of Fiber and Textile Technology (Hoechst Celanese Corporation (1990) PO Box 
32414, Charlotte NC 28232), a dye is a colored compound that is incorporated into the fiber 
by chemical reaction, absorption, or dispersion. Examples of dyes include direct Blue dyes, 
acid Blue dyes, direct red dyes, reactive Blue and reactive Black dyes. A catalogue of 
commonly used textile dyes is found in Colour Index, 3 rd ed. Vol. 1-8. Examples of 
substances which result in the visual appearance of stains are polyphenols, carotenoids, 
anthocyanins, tannins, Maillard reaction products, etc. 

As used herein the phrase "modify the color associated with a dye or colored 
compound" or "modification of the colored compound" means that the dye or compound is 
changed through oxidation, either directly or indirectly, such that either the color appears 
modified, i.e., the color visually appears to be decreased, lessened, decolored, bleached or 
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removed, or the color is not affected but the compound is modified such that dye redeposition 
is inhibited. The present invention encompasses the modification of the color by any means 
including, for example, the complete removal of the colored compound from stain on a fabric 
by any means as well as a reduction of the color intensity or a change in the color of the 
compound. 

As used herein, the term "mutants and variants", when referring to phenol oxidizing 
enzymes, refers to phenol oxidizing enzymes obtained by alteration of the naturally occurring 
amino acid sequence and/or structure thereof, such as by alteration of the DNA nucleotide 
sequence of the structural gene and/or by direct substitution and/or alteration of the amino 
acid sequence and/or structure of the phenol oxidizing enzyme. The term phenol oxidizing 
enzyme "derivative" as used herein refers to a portion or fragment of the full-length naturally 
occurring or variant phenol oxidizing enzyme amino acid sequence that retains at least one 
activity of the naturally occurring phenol oxidizing enzyme. As used herein, the term "mutants 
and variants", when referring to microbial strains, refers to cells that are changed from a 
natural isolate in some form, for example, having altered DNA nucleotide sequence of, for 
example, the structural gene coding for the phenol oxidizing enzyme; alterations to a natural 
isolate in order to enhance phenol oxidizing enzyme production; or other changes that effect 
phenol oxidizing enzyme expression. 

The term "enhancer" or "mediator" refers to any compound that is able to modify the 
color associated with a dye or colored compound in association with a phenol oxidizing 
enzyme or a compound which increases the oxidative activity of the phenol oxidizing enzyme. 
The enhancing agent is typically an organic compound. 

Phenol oxidizing enzymes 

The phenol oxidizing enzymes of the present invention function by catalyzing redox 
reactions, i.e., the transfer of electrons from an electron donor (usually a phenolic compound) 
to molecular oxygen or hydrogen peroxide (which acts as an electron acceptor) which is 
reduced to water. Examples of such enzymes are laccases (EC 1.10.3.2), bilirubin oxidases 
(EC 1.3.3.5), phenol oxidases (EC 1.14.18.1), catechol oxidases (EC 1.10.3.1). 

Nucleic acid encoding phenol oxidizing enzymes 

The present invention encompasses polynucleotides which encode phenol oxidizing enzymes 
obtainable from Stachybotrys species which polynucleotides comprise between at least 65% 
and 100% identity, that is at least 65% identity, at least 70% identity, at least 75% identity, at 
least 80% identity, at least 85% identity, at least 90% identity and at least 95% identity to the 
polynucleotide sequence disclosed in SEQ ID NO:3 as long as the enzyme encoded by the 
polynucleotide is capable of modifying the color associated with dyes or colored compounds. 
In one embodiment, the phenol oxidizing enzyme has the polynucleotide sequence as shown 
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in SEQ ID NO:3 or SEQ ID NO:1 or has the polynucleotide sequence as contained in 
Stachybotrys chartarum having MUCL accession number 38898. As will be understood by 
the skilled artisan, due to the degeneracy of the genetic code, a variety of polynucleotides can 
encode the phenol oxidizing enzyme disclosed in SEQ ID NO: 2. The present invention 
encompasses all such polynucleotides. 

The nucleic acid encoding a phenol oxidizing enzyme may be obtained by standard 
procedures known in the art from, for example, cloned DNA (e.g., a DNA "library"), by chemical 
synthesis, by cDNA cloning, by PCR, or by the cloning of genomic DNA, or fragments thereof, 
purified from a desired cell, such as a Stachybotrys species (See, for example, Sambrook etai, 
1989, Molecular Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, New York; Glover, D.M. (ed.), 1985, DNA Cloning: A Practical Approach, 
MRL Press, Ltd., Oxford, U.K. Vol. I, II.) Nucleic acid sequences derived from genomic DNA may 
contain regulatory regions in addition to coding regions. Whatever the source, the isolated 
nucleic acid encoding a phenol oxidizing enzyme of the present invention should be molecularly 
cloned into a suitable vector for propagation of the gene. 

In the molecular cloning of the gene from genomic DNA, DNA fragments are 
generated, some of which will encode the desired gene. The DNA may be cleaved at specific 
sites using various restriction enzymes. Alternatively, one may use DNAse in the presence of 
manganese to fragment the DNA, or the DNA can be physically sheared, as for example, by 
sonication. The linear DNA fragments can then be separated according to size by standard 
techniques, including but not limited to, agarose and polyacrylamide gel electrophoresis, and 
column chromatography. 

Once nucleic acid fragments are generated, identification of the specific DNA fragment 
encoding a phenol oxidizing enzyme may be accomplished in a number of ways. For 
example, a phenol oxidizing enzyme encoding gene of the present invention or its specific 
RNA, or a fragment thereof, such as a probe or primer, may be isolated and labeled and then 
used in hybridization assays to detect a generated gene. (Benton, W. and Davis, R., 1977, 
Science 196:180; Grunstein, M. And Hogness, D., 1975. Proc. Natl. Acad. Sri llfiA 79-sqri) 
Those DNA fragments sharing substantial sequence similarity to the probe will hybridize under 
high stringency conditions. 

The present invention encompasses phenol oxidizing enzymes obtainable from 
Stachybotrys species which are identified through nucleic acid hybridization techniques using 
SEQ ID NO:1 or SEQ ID NO:3 as a probe or primer and screening nucleic acid of either 
genomic or cDNA origin. Nucleic acid encoding phenol oxidizing enzymes obtainable from 
Stachybotrys species and having at least 65% identity to SEQ ID NO:1 or SEQ ID NO:3 can 
be detected by DNA-DNA or DNA-RNA hybridization or amplification using probes, portions or 
fragments of SEQ ID NO:1 or SEQ ID NO:3. Accordingly, the present invention provides a 
method for the detection of nucleic acid encoding a phenol oxidizing enzyme encompassed by 
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the present invention which comprises hybridizing part or all of a nucleic acid sequence of 
SEQ ID NO:1 or SEQ ID NO:3 with Stachybotrys nucleic acid of either genomic or cDNA 
origin. 

Accordingly, included within the scope of the present invention are polynucleotide 
sequences that are capable of hybridizing to the nucleotide sequence disclosed in SEQ ID 
NO:3 under conditions of high stringency. Hybridization conditions are based on the melting 
temperature (Tm) of the nucleic acid binding complex, as taught in Berger and Kimmel (1987, 
Guide to Molecular Cloning Techniques, Methods in Enzymology, Vol 152, Academic Press, 
San Diego CA) incorporated herein by reference, and confer a defined "stringency" as 
explained below._ 

"Maximum stringency" typically occurs at about Tm-5°C (5°C below the Tm of the 
probe); "high stringency" at about 5°C to 10°C below Tm; "intermediate stringency" at about 
10°C to 20°C below Tm; and "low stringency" at about 20°C to 25°C below Tm. For example 
in the present invention the following are the conditions for high stringency: hybridization was 
done at 37°C in buffer containing 50% formamide, 5x SSPE, 0.5% SDS and 50 ug/ml of 
sheared Herring DNA. The washing was performed at 65°C for 30 minutes in the presence of 
1 x SSC and 0.1% SDS once, at 65°C for 30 minutes in presence of 0.5 x SSC and 0.1% 
SDS once and at 65°C for 30 minutes in presence of 0.1 x SSC and 0.1% SDS once; the 
following are the conditions for intermediate stringency: hybridization was done at 37°C in 
buffer containing 25% formamide, 5x SSPE, 0.5% SDS and 50 ug/ml of sheared Herring DNA. 
The washing was performed at 50°C for 30 minutes in presence of 1 x SSC and 0.1% SDS 
once, at 50°C for 30 minutes in presence of 0.5 x SSC and 0.1% SDS once; the following are 
the conditions for low stringency: hybridization was done at 37°C in buffer containing 25% 
formamide, 5x SSPE, 0.5% SDS and 50 ug/ml of sheared Herring DNA. The washing was 
performed at 37°C for 30 minutes in presence of 1 x SSC and 0.1% SDS once, at 37°C for 30 
minutes in presence of 0.5 x SSC and 0.1% SDS once. A nucleic acid capable of hybridizing 
to a nucleic acid probe under conditions of high stringency will have about 80% to 100% 
identity to the probe; a nucleic acid capable of hybridizing to a nucleic acid probe under 
conditions of intermediate stringency will have about 50% to about 80% identity to the probe. 
The term "hybridization" as used herein shall include "the process by which a strand of nucleic 
acid joins with a complementary strand through base pairing" (Coombs J (1994) Dictionary of 
Biotechnology, Stockton Press, New York NY). 

The process of amplification as carried out in polymerase chain reaction (PCR) 
technologies is described in Dieffenbach CW and GS Dveksler (1995, PCR Primer, a 
Laboratory Manual, Cold Spring Harbor Press, Plainview NY). A nucleic acid sequence of at 
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least about 10 nucleotides and as many as about 60 nucleotides from SEQ ID NO:3 
preferably about 12 to 30 nucleotides, and more preferably about 25 nucleotides can be used 
as a PCR primer. 

A preferred method of isolating a nucleic acid construct of the invention from a cDNA 
or genomic library is by use of polymerase chain reaction (PCR) using degenerate 
oligonucleotide probes prepared on the basis of the amino acid sequence of the protein 
having the amino acid sequence as shown in SEQ ID NO:2. For instance, the PCR may be 
carried out using the techniques described in US patent No. 4,683,202. 

Expression Systems 

The present invention provides host cells, expression methods and systems for the production 
of phenol oxidizing enzymes in host microorganisms, such as fungus, yeast and bacteria. 
Once nucleic acid encoding a phenol oxidizing enzyme of the present invention is obtained, 
recombinant host cells containing the nucleic acid may be constructed using techniques well 
known in the art. Molecular biology techniques are disclosed in Sambrook et al., Molecular 
Biology Cloning: A Laboratory Manual, Second Edition (1989) Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, NY (1989). Nucleic acid encoding phenol oxidizing enzymes 
having between at least 65% and 100%, at least 65%, at least 70%, at least 75%, at least 
80%, at least 85%, at least 90% and at least 95% identity to the nucleic acid of SEQ ID NO:1 
or SEQ ID NO:3 as measured by the GAP program of the GCG Software (University Research 
Park, Madison, Wisconsin) with the following parameters: Gap Weight = 50; Length Weight = 
4; Gap Creation Penalty = 50; and Gap Extension Penalty = 3 is obtained and transformed 
into a host cell using appropriate vectors. A variety of vectors and transformation and 
expression cassettes suitable for the cloning, transformation and expression in fungus, yeast 
and bacteria are known by those of skill in the art. 

Typically, the vector or cassette contains sequences directing transcription and translation of 
the nucleic acid, a selectable marker, and sequences allowing autonomous replication or 
chromosomal integration. Suitable vectors comprise a region 5' of the gene which harbors 
transcriptional initiation controls and a region 3' of the DNA fragment which controls 
transcriptional termination. These control regions may be derived from genes homologous or 
heterologous to the host as long as the control region selected is able to function in the host 
cell. 

Initiation control regions or promoters, which are useful to drive expression of the 
phenol oxidizing enzymes in a host cell are known to those skilled in the art. Virtually any 
promoter capable of driving these phenol oxidizing enzyme is suitable for the present 
invention. Nucleic acid encoding the phenol oxidizing enzyme is linked operably through 
initiation codons to selected expression control regions for effective expression of the 
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oxidative or reducing enzymes. Once suitable cassettes are constructed they are used to 
transform the host cell. 

General transformation procedures are taught in Current Protocols In Molecular 
Biology (vol. 1 , edited by Ausubel et al., John Wiley & Sons, Inc. 1987, Chapter 9) and include 
calcium phosphate methods, transformation using PEG and electroporation. For Aspergillus 
and Trichoderma, PEG and Calcium mediated protoplast transformation can be used 
(Finkelstein, DB 1992 Transformation. In Biotechnology of Filamentous Fungi. Technology 
and Products (eds by Finkelstein & Bill) 1 13-1 56. % Electroporation of protoplast is disclosed in 
Finkelestein, DB 1992 Transformation. In Biotechnology of Filamentous Fungi. Technology 
and Products (eds by Finkelstein & Bill) 1 13-156. Microprojection bombardment on conidia is 
described in Fungaro et al. (1995) Transformation of Aspergillus nidulans by microprojection 
bombardment on intact conidia. FEMS Microbiology Letters 125 293-298. Agrobacterium 
mediated transformation is disclosed in Groot et al. (1998) Agrobacterium tumefaciens- 
mediated transformation of filamentous fungi. Nature Biotechnology 16 839-842. For 
transformation of Saccharomyces, lithium acetate mediated transformation and PEG and 
calcium mediated protoplast transformation as well as electroporation techniques are known 
by those of skill in the art. 

Host cells which contain the coding sequence for a phenol oxidizing enzyme of the present 
invention and express the protein may be identified by a variety of procedures known to those 
of skill in the art. These procedures include, but are not limited to, DNA-DNA or DNA-RNA 
hybridization and protein bioassay or immunoassay techniques which include membrane- 
based, solution-based, or chip-based technologies for the detection and/or quantification of 
the nucleic acid or protein. 

As described herein, the genomic sequence (SEQ ID NO:3) encoding phenol oxidizing 
enzyme obtainable from Stachybotrys chartarum (MUCL 38898) was isolated and expressed 
in Aspergillus niger var. awamori and Trichoderma reesei. 

Phenol oxidizing enzvme activities 

The phenol oxidizing enzymes of the present invention are capable of using a wide 
variety of different phenolic compounds as electron donors, while being very specific for 
molecular oxygen or hydrogen peroxide as the electron acceptor. 

Depending upon the specific substrate and reaction conditions, e.g., temperature, 
presence or absence of enhancers, etc., each phenol oxidizing enzyme oxidation reaction will 
have an optimum pH. 

Applications of polyphenol oxidizing enzymes 
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As described infra, the Stachybotrys phenol oxidizing enzymes of the present invention 
are capable of oxidizing a wide variety of dyes or colored compounds having different 
chemical structures, using oxygen or hydrogen peroxide as the electron acceptor. 
Accordingly phenol oxidizing enzymes of the present invention are used in applications where 
it is desirable to modify the color associated with dyes or colored compounds, such as in 
cleaning, for removing the food stains on fabric; and for textiles; and paper and pulp 
applications. A mediator or enhancer may be needed to obtain desirable effects. 

Colored compounds 

In the present invention, a variety of colored compounds could be targets for oxidation 
by phenol oxidizing enzymes of the present invention. For example, in detergent applications, 
colored substances which may occur as stains on fabrics can be a target. Several types or 
classes of colored substances may appear as stains, such as porphyrin derived structures, 
such as heme in blood stain or chlorophyll in plants; tannins and polyphenols (see P. 
Ribereau-Gayon, Plant Phenolics, Ed. Oliver & Boyd, Edinburgh, 1972, pp.1 69-1 98) which 
occur in tea stains, wine stains, banana stains, peach stains; carotenoids, the coloured 
substances which occur in tomato (lycopene, red), mango (carotene, orange-yellow) (G.E. 
Bartley et al., The Plant Cell (1995), Vol 7, 1027-1038); anthocyanins, the highly colored 
molecules which occur in many fruits and flowers (P. Ribereau-Gayon, Plant Phenolics, Ed. 
Oliver & Boyd, Edinburgh, 1972, 135-169); and Maillard reaction products, the yellow/brown 
colored substances which appear upon heating of mixtures of carbohydrate molecules in the 
presence of protein/peptide structures, such as found in cooking oil. 

Enhancers 

A phenol oxidizing enzyme of the present invention can act to modify the color 
associated with dyes or colored compounds in the presence or absence of enhancers 
depending upon the characteristics of the compound. If a compound is able to act as a direct 
substrate for the phenol oxidizing enzyme, the phenol oxidizing enzyme will modify the color 
associated with a dye or colored compound in the absence of an enhancer, although an 
enhancer may still be preferred for optimum phenol oxidizing enzyme activity. For other 
colored compounds unable to act as a direct substrate for the phenol oxidizing enzyme or not 
directly accessible to the phenol oxidizing enzyme, an enhancer is required for optimum 
phenol oxidizing enzyme activity and modification of the color. 

Enhancers are described in for example WO 95/01426 published 12 January 1995; 
WO 96/06930, published 7 March 1996; and WO 97/11217 published 27 March 1997. 
Enhancers include but are not limited to phenothiazine-10-propionic acid (PTP), 10- 
methylphenothiazine (MPT), phenoxazine-10-propionic acid (PPO), 1 0-methylphenoxazine 
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(MPO), 10-ethylphenothiazine-4-carboxylic acid (EPC) acetosyringone, syringaldehyde, 
methylsyringate, 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonate (ABTS). 

Cultures 

The present invention encompasses Stachybotrys strains and natural isolates, and 
derivatives of such strains and isolates, such as strains of the species Stachybotrys 
parvispora, including, in particular, Stachybotrys parvispora var. hughes MUCL 38996; strains 
of the species Stachybotrys chartarum including, in particular, Stachybotrys chartarum MUCL 
38898; S. parvispora MUCL 9485; S. chartarum MUCL 30782; S. kampalensis MUCL 39090; 
S. theobromae MUCL 39293; and strains of the species S. bisbyi, S. cylindrospora, S. 
dichroa, S. oenanthes and S. nilagerica which produce phenol oxidizing enzymes of the 
present invention. 

The present invention provides substantially biologically-pure cultures of novel strains 
of the genus Stachybotrys, and, in particular substantially biologically-pure cultures of the 
strains Stachybotrys parvispora MUCL 38996 and Stachybotrys chartarum MUCL 38898 from 
which phenol oxidizing enzymes can be purified. 

Purification 

The phenol oxidizing enzymes of the present invention may be produced by cultivation 
of phenol oxidizing enzyme-producing Stachybotrys strains (such as S. parvispora MUCL 
38996, S. chartarum MUCL 38898) under aerobic conditions in nutrient medium containing 
assimiable carbon and nitrogen together with other essential nutrient(s). The medium can be 
composed in accordance with principles well-known in the art. 

During cultivation, the phenol oxidizing enzyme-producing strains secrete phenol 
oxidizing enzyme extracellularly. This permits the isolation and purification (recovery) of the 
phenol oxidizing enzyme to be achieved by, for example, separation of cell mass from a 
culture broth (e.g. by filtration or centrifugation). The resulting cell-free culture broth can be 
used as such or, if desired, may first be concentrated (e.g. by evaporation or ultrafiltration). If 
desired, the phenol oxidizing enzyme can then be separated from the cell-free broth and 
purified to the desired degree by conventional methods, e.g. by column chromatography. 

The phenol oxidizing enzymes of the present invention may be isolated and purified 
from the culture broth into which they are extracellularly secreted by concentration of the 
supernatant of the host culture, followed by ammonium sulfate fractionation and gel 
permeation chromatography. 

The phenol oxidizing enzymes of the present invention may be formulated and utilized 
according to their intended application. In this respect, if being used in a detergent 
composition, the phenol oxidizing enzyme may be formulated, directly from the fermentation 
broth, as a coated solid using the procedure described in United States Letters Patent No. 
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4,689,297. Furthermore, if desired, the phenol oxidizing enzyme may be formulated in a liquid 
form with a suitable carrier. The phenol oxidizing enzyme may also be immobilized, if desired. 

The present invention also encompasses expression vectors and recombinant host 
cells comprising a Stachybotrys phenol oxidizing enzyme of the present invention and the 
subsequent purification of the phenol oxidizing enzyme from the recombinant host cell. 

Enzyme Compositions 

A phenol oxidizing enzyme of the present invention may be used to produce, for 

example, enzymatic compositions for use in detergent or cleaning compositions; in textiles, 

that is in the treatment, processing, finishing, polishing, or production of fibers; in the 

production of paper and pulp; and in starch processing applications. Enzymatic compositions 

may also comprise additional components, such as for example, for formulation or as 

performance enhancers 

For example, detergent composition may comprise, in addition to the phenol oxidizing 
enzyme, conventional detergent ingredients such as surfactants, builders and further enzymes 
such as, for example, proteases, amylases, lipases, cutinases, cellulases or peroxidases. 
Other ingredients include enhancers, stabilizing agents, bactericides, optical brighteners and 
perfumes. The enzymatic compositions may take any suitable physical form, such as a 
powder, an aqueous or non aqueous liquid, a paste or a gel. 

Having thus described the phenol oxidizing enzymes of the present invention, the 
following examples are now presented for the purposes of illustration and are neither meant to 
be, nor should they be, read as being restrictive. Dilutions, quantities, etc. which are 
expressed herein in terms of percentages are, unless otherwise specified, percentages given 
in terms of per cent weight per volume (w/v). As used herein, dilutions, quantities, etc., which 
are expressed in terms of % (v/v), refer to percentage in terms of volume per volume. 
Temperatures referred to herein are given in degrees centigrade (C). The manner and method 
of carrying out the present invention may be more fully understood by those of skill in the art 
by reference to the following examples, which examples are not intended in any manner to 
limit the scope of the present invention or of the claims directed thereto. All references and 
patent publications referred to herein are hereby incorporated by reference. 

Example 1 
Purification 

This example illustrates the purification of the Stachybotrys chartarum phenol oxidizing 
enzyme having the amino acid sequence as shown in Figure 2. 

Stachybotrys chartarum was grown on PDA plates (Difco) for about 5 - 10 days. A 
portion of the plate culture (about 3/4 x 3/4 inch) was used to inoculate 100 ml of PDB (potato 
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dextrose broth) in 500-ml shake flask. The flask was incubated at 26 - 28 degrees C, 150 
rpm, for 3 - 5 days until good growth was obtained. 

The broth culture was then inoculated into 1 L of PDB in a 2.8-L shake flask. The flask 
was incubated at 26 - 28 degrees C, 150 rpm, for 2 - 4 days until good growth was obtained. 

A 10-L fermentor containing a production medium was prepared (containing in 
grams/liter the following components: glucose 15; lecithin 1.51; t-aconitic acid 1.73; KH 2 P0 4 3; 
MgS0 4 .7H 2 0 0.8; CaCI 2 .2H 2 0 0.1; ammonium tartrate 1 .2; soy peptone 5; Staley 7359; 
benzyl alcohol 1; tween 20 1; nitrilotriacetic acid 0.15; MnS0 4 .7H 2 0 0.05; NaCI 0.1; 
FeS0 4 .7H 2 0 0.01 ; C0SO4 0.01 ; CaCI 2 .2H 2 0 0.01 ; ZnS0 4 .7H 2 0 0.01 ; CuS0 4 0.001 ; 
ALK(S0 4 )2.12H 2 0 0.001; H 3 B0 3 0.001; NaMo0 4 .2H 2 0 0.001). The fermentor was then 
inoculated with the 1-L broth culture, and fermentation was conducted at 28 degrees C for 60 
hours, under a constant air flow of 5.0 liters/minute and a constant agitation of 120 RPM. The 
pH was maintained at 6.0. 

The cells from one liter of broth were removed from the fermentation broth by 
centrifugation and the supernatant was further clarified by filtering through a DE filter. The low 
molecular weight salts were removed by diafiltration against 4 volumes of a buffer containing 
20mM MOPS adjusted to pH 7.0 using an Amicon YM10 membrane. 

An ion exchange column containing 25 mis of Poros HQ-20 resin was used to purify 
the enzyme. The column was first equilibrated with 5 column volumes (125mls) of 20 mM 
MOPS pH 7.0. Five mis of sample containing 5-10 mgs of total protein was loaded onto the 
column. The column was then washed with 3 column volumes of the MOPS buffer, then 
eluted with a gradient of 0-0.5M ammonium sulfate in a volume of 250 mis. The flow rate was 
10mls/min. Fractions were collected in 5 mis volumes. Each fraction was assayed for 
phenol oxidase activity using the ABTS method. The fractions that contained ABTS activity 
were subjected to electrophoresis on SDS PAGE. The bands on the gel that corresponded to 
the ABTS activity were cut out and the amino acid sequence was determined. 

The data shown below is from another purification run and shows the presence of 
Stachybotrys oxidase B band on an SDS PAGE. In this purification, crude material from the 
fermentation was purified on an ion exchange column using HQ20. The fractions were 
subjected to an initial non-denaturing (native) gel electrophoresis on a 4-20% Tris-Glycine gel. 
Samples were diluted with tracking dye and the running buffer was Laemmli buffer. This initial 
gel to look at purity was done on all fractions of the elution peak of interest and the resulting 
gel was silver stained. The second gel to confirm the active protein was done on every other 
fraction of the same peak and overlaid at pH7 and pH10 with ABTS. For the ABTS overlay, 
4.5mM ABTS was prepared at pH 7 and pH 10 (pH 7 with 50mM sodium acetate and pH 10 
with 50mM sodium borate). The gel was divided into two parts for overlay: lanes 1-5 were 
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overlaid with pH 7 and lanes 6-10 were overlaid with pH 10. Bands that were positive for 
ABTS were cut out and homogenized with Laemmli buffer and tracking dye containing BME. 
Samples were then placed at 1 00°C for 5 minutes and loaded onto a Tris-glycine 4-20% 
gradient gel. The running buffer was Laemmli with 20% SDS. The gel was then silver 
stained. 

The results of the initial denaturing gel, the ABTS overlay gel and the SDS-PAGE gels 
are shown in Figures 8, 9 and 1 0, respectively. 

Example 2 

Amino Acid Sequence Analysis of Stachvbotrvs chartarum Phenol Oxidizing Enzvme 

Stachybotrys chartarum phenol oxidizing enzyme prepared as disclosed in Example 1 
was subjected to SDS polyacrylamide gel electrophoresis and isolated. The isolated fraction 
was treated with urea and iodoacetamide and digested by the enzyme endoLysC. The 
fragments resulting from the endoLysC digestion were separated via HPLC (reverse phase 
monobore C18 column, CH3CN gradient) and collected in a multititer plate. The fractions 
were analysed by MALDI for mass determination and sequenced via Edman degradation. The 
following amino acid sequences were determined and are shown in amino terminus to 
carboxy terminus orientation: The following amino acid sequences were determined and are 
shown in amino terminus to carboxy terminus orientation: 

N* FVNSGENTSPNSVHLHGSFSR C 

NT GVEPYEAAGLKDVVWLAR C 

Example 3 

Cloning Genomic Nucleic Acid 

Two degenerated primers were designed based on the peptide sequences provided in 
Example 2. Primer 1 contains the following sequence: GTCAACAGTGGNGARAAYAC and 
primer 2 contains the following sequence: GCGGCCTCATANGGCTCNAC where N 
represents a mixture of all four nucleotides (A, T, C and G), R represents a mixture of A and G 
and Y represents a mixture of T and C. 

For isolation of genomic DNA encoding phenol oxidizing enzyme, DNA isolated from 
Stachybotrys chartarum (MUCL # 38898) was used as a template for PCR. The DNA was 
diluted 100 fold with Tris-EDTA buffer to a final concentration of 88 ng/ul. Ten microliter of 
diluted DNA was added to the reaction mixture which contained 0.2 mM of each nucleotide (A, 
G. C and T), 1x reaction buffer, 0.542 microgram of primer 1 and 0.62 microgram of primer 2 
in a total of 100 microliter reaction in an eppendorf tube. After heating the mixture at 100°C for 
5 minutes, 2.5 units of Taq DNA polymerase was added to the reaction mix. The PCR reaction 
was performed at 95°C for 1 minute, the primer was annealed to the template at 50°C for 1 
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minute and extension was done at 72°C for 1 minute. This cycle was repeated 30 times with 
an additional cycle of extension at 68 °C for 7 minutes. The PCR fragment detected by 
agarose gel contained a fragment of about 1.3 kilobase which was then cloned into the 
plasmid vector pCR-ll (Invitrogen). The 1 .3 kb insert was then subjected to nucleic acid 
sequencing. The sequence data revealed that it was the gene encoding Stachybotrys 
chartarum phenol oxidase B because the deduced peptide sequence matched the peptide 
sequences disclosed in Example 2 sequenced via Edman degradation. The PCR fragments 
containing the 5' gene and 3' gene were then isolated using the inverse PCR method with four 
primers deduced based on the sequence data from the 1 .3 kb PCR fragment. Figure 3 
provides the full length genomic sequence (SEQ ID NO:3) of the Stachybotrys phenol oxidase 
B gene (spoB) including the promoter and terminator sequences. 

Example 4 

Comparison of the Stachybotrys chartarum phenol oxidizing enzvme B with other oxidizing 
enzymes 

The translated protein sequence (shown on Figure 2) (SEQ ID NO:2) was used as 
query to search DNA and protein databases. It showed that Stachybotrys oxidase B shared 67 
% identity to the bilirubin oxidase at the protein sequence level. Figure 4 shows the sequence 
alignment of the two proteins using the GAP program of GCG software (University Research 
Park, Madison, Wisconsin) with following parameters: Gap Weight =12; Length Weight = 4; 
Gap Creation Penalty = 8; and Gap Extension Penalty = 2. 

Example 5 

Expression of Stachybotrys oxidase B in Aspergillus niaer var. awamori 

The DNA fragment containing nucleic acid encoding the Stachybotrys phenol oxidizing 
enzyme B flanked by two newly introduced restriction enzyme sites (BamHI and Agel) was 
isolated by PCR. This PCR fragment was first cloned into the plasmid vector pCR-ll and 
subjected to nucleic acid sequencing to verify the gene sequence (Figure 1). This DNA 
fragment was then cloned into the Bgi I) to Age I site of vector (pGAPT2) to create a plasmid 
of pGAPT2-spoB, see Fig 5. The expression plasmid was designated as pGAPT2- spoB 
(Figure 5) which is capable of integrating into the host genome. The DNA fragment containing 
nucleic acid encoding the Stachybotrys phenol oxidizing enzyme flanked by two newly 
introduced restriction enzyme sites (BamHI and Agel) was also cloned into the plasmid vector 
pRAX1 which is identical to the plasmid pGAPT2 except a 5259bp Hindi II fragment of 
Aspergillus nidulans genomic DNA fragment AMA1 sequence (Molecular Microbiology 1996 
19:565-574) was inserted. The expression plasmid designated as pRAX1-spoB (Figure 6), 



WO 01/21809 „ 18 „ PCT/USOO/24751 

which is capable of being maintained as a replicating plasmid, was then transformed into 
Aspergillus strain GCAP4 (Gene 1990, 86:153-162) by standard PEG methods. 
Transformants were selected on plates without uridine. Three transformants were grown on - 
uridine plates for 3 days. The spores from transformants were resuspended in water with 
0.01% tween80. The spores (100, 1000 or 10,000) were added to the 96 well microtiter plates 
containing 160 ul of PROC medium. After 5 days growth at 30°C, these samples were shown 
to have ABTS activities. One thousand spores were added to 50 ml PROC medium in 250ml 
shake flasks and after 3 days growth at 30°C, the ABST activity was 0.33 units/ml. After 4 
days growth at 30°C activity, the ABTS activity was at 4.8 units/ml. About 1 .2 million of spores 
were also added to one liter PROC medium in 2.8 liter shake flasks. Production of 
Stachybotrys phenol oxidase B protein reached 1 unit/ml at day 3 and 4 units/ml at day 4 and 
activity was detected in the ABTS assay. 

Example 6 

Expression of Phenol oxidizing enzvme in Trichoderma reesei : 

The expression plasmid for use in transforming Trichoderma reesei was constructed 
as follows. The ends of the BamHI to Agel fragment shown in Figure 5 containing the gene 
encoding the Stachybotrys phenol oxidizing enzyme B were blunted by T4 DNA polymerase 
and inserted into Pmel restriction site of the Trichoderma expression vector, pTREX, a 
modified version of pTEX disclosed in PCT Publication No. WO 96/23928, which publication is 
herein incorporated by reference, which contains a CBHI promoter and terminater for gene 
expression and a Trichoderma pyr4 gene as a selection marker for transformants. The linear 
DNA fragment containing only the CBH1 promoter, the phenol oxidizing gene (spoB), the 
CBH1 terminater and selection marker pyr4 was isolated from a gel and was used to 
transform a uridine auxotroph strain of Trichoderma reesei (see United States Patent no. 
5,472,864) which has the four major cellulase genes deleted. Stable transformants were 
isolated on Trichoderma minimal plates without uridine. The transformants were grown on 50 
ml of Proflo medium in shake flasks for 4 days at 28°C to 30°C and expression of the phenol 
oxidizing enzyme B was assayed by ABTS as described in Example 8. Proflo medium is 
composed of (g/l) Proflo 22.5; lactose 30.0; (NH 4 ) 2 S0 4 6.5 KH 2 P0 4 2.0; MgS0 4 .7 H 2 0 0.3; 
CaCL 2 0.2; CaC0 3 0.72; trace metal stock solution 1.0 ml/l and 10% Tween 80 2.0 ml/I. The 
trace metal stock solution used had (g/l) FeS0 4 .7H 2 0 5.0; MnS0 4 .H 2 0 1.6; ZnS0 4 .7H 2 0 1.4; 
CoCI 2 .6H 2 0) 2.8. 



Example 7 

Purification of Stachvbotrvs phenol oxidase B 



WO 01/21809 - 19- PCT/USOO/24751 

The Stachybotrys phenol oxidase B culture broth obtained as described in Example 5 
was withdrawn from the shake flask, cooled to 4 °C, and centrifuged in a Sorval centrifuge for 
15 minutes at 10,500 rpm using a GSA rotor. The resulting supernatant was then removed 
from the pellet and concentrated 6-10 fold by ultrafiltration using a TFF holder and cartridge 
UF from Millipore Corporation (6ft A 2 PTGC 10K polyethersulfone Cat.# CDUF006TG). The 
concentrate was washed with 4 volumes of Di water by diafiltration, resulting in a recovery 
yield between 40-80%. The material was then centrifuged again to remove the solids, and 
filtered through a 0.45 \i filter. The enzyme containing filtrate was then further purified using 
anion exchange column chromatography. In this regard, a Q-Sepharose anion exchange 
column was equilibrated with 50 mM potassium phosphate buffer, pH 6.9. Concentrate 
(enzyme mixture described above) was diluted 1 part to 4 parts (5 parts total) with 20mM 
Potassium Phosphate buffer, pH 6.9 and loaded on the column at 120mL/minute. The 
majority of contaminants were eluted with 20 mM Potassium Phosphate buffer, pH 6.9, 
containing 300 mM NaCI. Subsequently the column was eluted with the buffer containing 500 
mM NaCI at a flow rate of 120ml/minute. Respective fractions were then obtained. The 
respective fractions containing the highest phenol oxidizing enzyme activities were pooled 
together, concentrated and diafiltered to milli-Q using an Amicon concentrator with a YM10 
membrane. 

Phenol oxidizing enzyme activity was then determined using the standard assay procedure 
based on the oxidation of ABTS, as described in Example 8. The enzyme activity so 
measured was 61 .4 U/ml at pH5 and 6.1 U/mL at pH9. 

Example 8 
ABTS Assay 

The following example describes the ABTS assay used for the determination of phenol 
oxidizing activity. The ABTS assay is a spectrophotometric activity assay which uses the 
following reagents: assay buffer =50 mM sodium acetate, pH 5.0; 50 mM sodium phosphate, 
pH 7.0; 50 mM sodium carbonate, pH 9.0. The ABTS (2,2'-azinobis 3 ethylbenzothiazoline-6- 
sulphonic acid]) was a 4.5 mM solution in distilled water. 0.75 ml assay buffer and 0.1 ml 
ABTS substrate solution are combined, mixed and added to a cuvette. A cuvette containing 
buffer-ABTS solution was used as a blank control. 0.05 ml of enzyme sample was added, 
rapidly mixed and placed into the cuvette containing buffer-ABTS solution. The rate of change 
in absorbance at 420 nm was measured, AOD 420/minute, for 15 seconds (or longer for 
samples having activity rates < 0.1) at 30°C. Enzyme samples having a high rate of activity 
were diluted with assay buffer to a level between 0.1 and 1 . 
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Example 9 

Bleaching of Tomato Stains. 

This example illustrates the use of the Stachybotrys phenol oxidizing enzyme having 
the sequence as shown in Figure 2 in modifying the color associated with tomato stains. 

The experiments were performed in 250 ml containers, to which 15 ml of wash solution 
were added (indicated in tables). The pH of the wash solution was set to pH 9. Purified phenol 
oxidase from Stachybotrys was added to the wash solution at 6 mg/l. As the enhancers 
phenothiazine-10-propionate (PTP) was used, dosed at 250 mM. The following formulation 
was used as wash solution (2 gr/liter): 

Detergent Composition: 



LAS 24 % 

STP 14.5% 

Soda ash 17.5% 

silicate 8.0 % 

SCMC 0.37 % 

Blue pigment 0.02% 

Moisture/salts 34.6% 



The swatches were washed for 30 minutes, at 30 °C. After the wash, the swatches were 
tumble-dried and the reflectance spectra were measured using a Minolta spectrometer. The 
color differences between the swatch before and after the wash data were expressed in the 
CIELAB L*a*b* color space. In this color space, L* indicates lightness and a* and b* are the 
chromaticity coordinates. Color differences between two swatches are expressed as AE, 
which is calculated from the following equation: 

AE = -n/AL 2 + Aa 2 + Ab 2 

The results, as AE values, are shown in Table 1 below: 



Wash without bleach system 


Wash with bleach system 


AE = 6.8 


AE = 12.2 



As can be seen from the AE values, the bleaching of the tomato stain is improved in the 
presence of the enzyme/enhancer system. 
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WE CLAIM: 

1 . A phenol oxidizing enzyme having at least 68% identity to the phenol oxidizing 
enzyme having the amino acid sequence as disclosed in SEQ ID NO:2. 

2. The phenol oxidizing enzyme of Claim 1 wherein said enzyme is obtainable from a 
Stachybotrys including S. parvispora, S. chartarum, S. kampalensis, S. 
theobromae, S. bisbyi, S. cylindrospora, S. dichroa, S. oenanthes and S. nilagerica 

3. The phenol oxidizing enzyme of Claim 1 having the amino acid sequence as 
disclosed in SEQ ID NO:2. 

4. An isolated polynucleotide encoding the amino acid having the sequence as shown 
in SEQ ID NO:2. 

5. The isolated polynucleotide of Claim 4 having at least 65% identity to the nucleic 
acid sequence disclosed in SEQ ID NO: 1 or SEQ ID NO:3. 

6. The isolated polynucleotide of Claim 5 having the nucleic acid sequence as 
disclosed in SEQ ID NO:1. 

7. The isolated polynucleotide of Claim 5 having the nucleic acid sequence as 
disclosed in SEQ ID NO:3. 

8. An isolated polynucleotide capable of hybridizing to the polynucleotide having the 
sequence as shown in SEQ ID NO:1 or SEQ ID NO:3 under conditions of high 
stringency. 

9. An expression vector comprising the polynucleotide of Claim 4. 

10. An expression vector comprising the polynucleotide of Claim 5. 

11. An expression vector comprising the polynucleotide of Claim 8. 

12. A host cell comprising the expression vector of Claim 9, Claim 10, or Claim 11 . 

13. The host cell of Claim 12 that is a filamentous fungus. 
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14. The host cell of Claim 13 wherein said filamentous fungus includes Aspergillus 
species, Trichoderma species and Mucor species. 



1 5. The host cell of Claim 1 3 that is a yeast. 

16. The host cell of Claim 15 wherein said yeast includes Saccharomyces, Pichia, 
Schizosaccharomyces, Hansenula, Kluyveromyces, and Yarrowia species. 

17. The host cell of Claim 13 wherein said host is a bacterium. 

18. The host cell of Claim 17 wherein said bacterium includes Bacillus and Escherichia 
species. 

19. A method for producing a phenol oxidizing enzyme in a host cell comprising the 
steps of: 

(a) culturing a host cell comprising a polynucleotide encoding said phenol 
oxidizing enzyme, whrein said enzyme has at least 68% identity to the 
amino acid sequence disclosed in SEQ ID NO:2 under conditions suitable 
for the production of said phenol oxidizing enzyme; and 

(b) optionally recovering said phenol oxidizing enzyme produced. 

20. The method of Claim 19 wherein said phenol oxidizing enzyme is obtainable from a 
Stachybotrys including S. parvispora, S. chartarum, S. kampalensis, S. 
theobromae, S. bisbyi, S. cylindrospora, S. dichroa, S. oenanthes and S. 
nilagerica. 

21 . The method of Claim 19 wherein said phenol oxidizing enzyme is obtainable from 
S. chartarum and has the amino acid sequence as disclosed in SEQ ID NO:2. 

22. The method of Claim 19 wherein said polynucleotide comprises the sequence as 
shown in SEQ ID NO:1 or SEQ ID NO:3. 

23. The method of Claim 19 wherein said host cell includes filamentous fungus, yeast 
and bacteria. 



24. 



The method of Claim 23 wherein said yeast includes Saccharomyces, Pichia, 
Schizosaccharomyces, Hansenula, Kluyveromyces, and Yarrowia species. 
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25. The method of Claim 23 wherein said filamentous fungus includes Aspergillus 
species, Trichoderma species and Mucor species. 

26. The method of Claim 25 wherein said filamentous fungus is a species of 
Aspergillus. 

27. The method of Claim 26 wherein the filamentous fungus is Aspergillus niger var. 
awamori. 

28. The method of Claim 23 wherein said filamentous fungus is a species of 
Trichoderma. 

29. The method of Claim 28 wherein said Trichoderma species is Trichoderma reseei. 

30. A method for producing a host cell comprising a polynucleotide encoding a phenol 
oxidizing enzyme, comprising the steps of: 

(a) obtaining a polynucleotide encoding a phenol oxidizing enzyme having 
at least 68% identity to the amino acid sequence disclosed in SEQ ID 
NO:2; 

(b) introducing said polynucleotide into said host cell; and 

(c) growing said host cell under conditions suitable for the production of said 
phenol oxidizing enzyme. 

31 . The method of Claim 30 wherein said host cell includes filamentous fungus, yeast 
and bacteria. 

32. The method of Claim 31 wherein said filamentous fungus includes Aspergillus 
species, Trichoderma species and Mucor species. 

33. The method of Claim 32 wherein said Aspergillus species is Aspergillus niger var. 
awamori. 

34. The method of Claim 32 wherein said Trichoderma species is Trichoderma reseei. 



35. 



The method of Claim 31 wherein said yeast is a Saccharomyces species. 
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36. The method of Claim 35 wherein said Saccharomyces species is Saccharomyces 
cerevisiae. 

37. The method of Claim 30 wherein said polynucleotide has at least 65% identity to 
the nucleic acid shown in SEQ ID NO:1 or SEQ ID NO:3. 

38. The method of Claim 30 wherein said polynucleotide has the nucleic acid 
sequence as shown in SEQ ID NO:1 or SEQ ID NO:3. 

39. The method of Claim 30 wherein said polynucleotide is introduced on a replicating 
plasmid. 

40. The method of Claim 30 wherein said polynucleotide is integrated into the host cell 
genome. 

41 . An enzymatic composition comprising the phenol oxidizing enzyme of Claim 1 . 

42. The enzymatic composition of Claim 41 comprising phenol oxidizing enzyme 
havjng the sequence as shown in SEQ ID NO:2. 
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3 47 YDNTDKVMRFWADDTTQPDTSWPANLRDVPFPSPTTNTP RQF 390 

1 1 III 1 1 II II Mil II lllllllll I I 

3 49 FDNTDKVMRFWDEVLESPDTSEVPANLRDVPFPEGGNWDPANPTDDETF 398 
3 91 RFGRTGPTWTINGVAFADVQNRLLANVPVGTVERWEL INAGNGWTHPIHI 440 

Ml II MM I II Mil III MM I I 1 1 Mil II 

3 99 TFGRANGQWTINGVTFSDVENRLLRNVPRDTVEIWRLENNSNGWTHPVHI 448 
441 HLVDFKVTSRTSGNNARTVMPYE . SGLKDWWLGRRETWVEAHYAPFPG 489 

Mill I II II I III llllllll Ml I MINIUM 

449 HLVDFRVLSRST . . . ARGVEPYEAAGLKDWWLARREWYVEAHYAPFPG 495 

4 90 VYM FHCHNL I HEDHDMMAAFNATVL PD YG YNATVF VDPM EE LWQ ARP YEL 539 

Ml I II 1 1 1 1 1 II II I II 1 1 III Mill llllllll II I 

4 96 VYMLHCHNLIHEDHDMMAAFNVTVLGDYGYNYTEFIDPMEPLWRPRPFLL 545 

540 GEFQAQSGQFSVQAVTERIQTMAEYRPYAAADE 572 

III II II I I III II III M cnQ 

546 GEFENGSGDFSELAITDRIQEMASFNPYAQADD 578 
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